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In a lawn on sandy soil many clover patches were found, in the centres of which the 
clover was dead or growing poorly. A similar patch was found in another lawn. Investi-
gation of the soil and clover roots showed that the phenomenon was probably caused 
by the clover cyst nematode Heterodera trifolii Goffart. Though it is likely that this damage 
will also occur in normal pastures, it may not manifest itself in the typical form found in 
lawns, since clover plants cannot expand as regularly in pastures as in lawns. Where 
clover is distributed irregularly in the field, a random sampling may give no real informa-
tion on the clover cyst nematode population. 
INTRODUCTION 
In a public lawn at Wageningen in the summer 
of 1963 many patches of white clover were 
observed in the centre of which the clover had 
deteriorated or died. As this was thought to be 
caused by parasites, soil and roots were 
examined for the possible presence of detri-
mental organisms. A similar patch in a private 
lawn was also included. 
The public lawn lies on sandy soil and was 
sown with a grass mixture in the autumn of 
1961 or the spring of 1962. Normally it is mown 
once a week, but less frequently during dry 
periods. The mown grass is not removed. As 
no fertilizer is given, grass growth was rather 
poor. The clover was not sown but had 
established itself spontaneously and individual 
plants had grown out to form circular 
patches the diameter of which in July 1963 
varied from 75 to 125 cm. At that time it was 
very striking that in nearly all cases the clover 
in the centre of the patches was dying, or had 
disappeared almost completely. In some 
patches the grass in the centre was a darker 
green than that outside the patch, probably as 
a result of nitrogen from the dying clover. 
Each centre was surrounded by a zone of well-
growing and richly-flowering clover, varying 
in width from about 15 to 40 cm. 
Seven characteristic patches were chosen for 
investigation. In the centre of patch 1 many 
dead clover leaves were visible, indicating that 
the clover had died recently. In the centres of 
patches 2 and 3 only a few clover plants without 
dead leaves were left. In patches 4 and 5 more 
clover was present in the centre, whereas in 
the centres of patches 6 and 7 the clover had 
almost completely disappeared. The grass in 
the centre of patch 2 was noticeably greener 
than outside the patch. 
The appearance of the patch on the private 
lawn (also on sandy soil) was similar to that of 
the patches on the public lawn. 
METHODS AND RESULTS 
As has been stated elsewhere (I, 2) it is 
likely that parasites are involved in the 
phenomenon of poor growth of white clover 
in pastures. It was concluded that the damage 
was probably caused by a complex of parasites, 
among which nematodes (clover cyst nematode), 
fungi (Rhizoctonia, Fusarium) and insects 
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Table 1. Levels of infestation with clover cyst nematode {Heterodera trifolii Goffart) in patches with poorly-growing 
clover in 2 lawns 
(Per 100 g fresh soil) 
Public lawn, 
patch no. 
1 
2 
3 
4 
5 
6 
7 
Average 
Private 
lawn 
Centre 
of patch 
55 
96 
52 
98 
107 
140 
131 
97 
76 
Number of cysts 
Clover 
ring 
1 
10 
30 
21 
24 
2 
13 
14 
52 
Outside 
patch 
11 
1 
14 
13 
3 
2 
6 
7 
34 
Number of larvae and eggs inside cysts 
Centre Clover Outside 
of patch ring patch 
1787 12 61 
1818 186 11 
1285 495 133 
1337 350 203 
1481 363 3 
1746 28 0 
3116 200 11 
1796 233 60 
1678 224 104 
Table 2. Minimum, maximum and average numbers of free-living nematodes per 100 cm3 fresh soil in seven clover 
patches of the public lawn 
Pa R/H HI Ml He Cr Tr 
f Tylenchorhynchus dubius (Bütschli) Filipjev 
_ _ J Tylenchorhynchus brevidens Allen 
—
 | Tylenchorhynchus nothus Allen 
{Tylenchorhynchus lenorus Brown 
n \\i _ J Rotylenchus robustus (De Man) Filipjev (syn. Hoplolaimus uniformis Thome) 
'
 —
 \Helicotylenchus spp. 
HI = Heterodera larvae 
Ml = Meloidogyne larvae 
He = Hemicycliophora sp. 
Cr = Criconemoides sp. 
Tr = Trichodorus sp. 
O = other Tylenchida 
S = saprophytic nematodes 
O 
Centre of patch 
Minimum 
Maximum 
Average 
Clover ring 
Minimum 
Maximum 
Average 
Outside patch 
Minimum 
Maximum 
Average 
10 
75 
33 
30 
100 
66 
10 
175 
76 
0 
440 
89 
0 
5 
1 
0 
20 
4 
330 
1150 
676 
715 
1090 
872 
640 
855 
743 
30 
90 
59 
50 
365 
111 
0 
290 
81 
_ _ ƒ Pratylenchuspenetrans (Cobb) \ . ._ , 
~~ \ Pratylenchus neglect us (Renzch) J 
Pa = Paraty 'lenchus sp. 
90 
160 
116 
85 
275 
141 
0 
45 
11 
1 ratio 
0 
30 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
1 
10 
665 
311 
40 
345 
154 
95 
480 
262 
0 
15 
6 
0 
15 
7 
0 
15 
9 
420 
995 
670 
360 
995 
705 
595 
1010 
776 
1405 
3880 
3032 
2675 
3845 
3096 
2085 
6110 
3448 
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(Collembola) might be important. For this 
reason special attention was paid to these 
organisms. 
On 25 July 1963 soil samples were taken from 
the clover patches in the public lawn to 
investigate the clover cyst nematode. Samples 
were collected with a borer of 1 cm diam, 
from the centre, the clover ring and outside 
of each patch, each sample consisting of about 
20 cores. As the soil was hard and stony, 
sampling depth was limited to 3-4 cm. The 
patch in the private lawn was sampled in the 
same way. Cysts were recovered by the Fenwick 
flotation method (3). The results are shown in 
Table 1. 
On 3 Sept. 1963, samples of soil and clover 
roots (if present) were taken from the public 
lawn for investigation on free-living nematodes 
(including root-knot nematodes). From the 
centre of each patch a rectangular sample 
10 X 5 X 5 cm deep was taken. From the clover 
ring and outside the patch samples were 
collected, each consisting of 3 circular cores 
5 cm in diam and 5 cm deep. The nematodes 
were recovered as described by Oostenbrink 
(6). The minimum, maximum and average 
values for the different nematodes per 100 cm3 
of fresh soil from the 7 patches are shown in 
Table 2. 
In the clover roots only Pratylenchus spp., 
Heteroclera larvae, other Tylenchida and 
saprophytic nematodes were found. The small 
quantity of roots from some centres yielded 
no exact data. On average, however, the 
numbers of Pratylenchus and Heterodera 
larvae per 1 g of clover root were higher in 
the rings than in the centres. The roots of 
patch 1 were also examined for the presence of 
fungi, but no Rhizoctonia, Fusarium or other 
parasitic fungi could be isolated. 
On 19 Sept. 1963 the soil of the clover patches 
in the public lawn was sampled for examination 
for springtails (Collembola) and mites (Acarina). 
From each patch one core (5 cm deep, contain-
ing 125 cm3 of soil) was taken from the centre, 
one from the ring and one outside the patch. 
The sample from the ring was taken from the 
place with highest clover density. The animals 
were recovered from the samples by using the 
high-gradient cylinder extractor technique (5). 
Table 3. Minimum, maximum and average numbers of springtails and mites per 125 cm3 fresh soil in 7 clover patches of 
the public lawn 
Collembola Acarina 
Mesostigmata 
Centre of patch 
Minimum 
Maximum 
Average 
Clover ring 
Minimum 
Maximum 
Average 
Outside patch 
Minimum 
Maximum 
Average 
T 
Io 
In 
IP 
Rr 
Rs 
T 
5 
293 
81 
3 
246 
90 
9 
174 
49 
= 
= 
= 
= 
= 
= 
Io 
0 
36 
17 
0 
48 
22 
0 
45 
18 
In Ip 
0 0 
8 17 
3 6 
0 5 
17 15 
5 11 
0 1 
11 31 
3 9 
Other 
Collem-
bola 
0 
4 
1 
0 
7 
3 
0 
6 
4 
t 
Rr 
0 
9 
3 
0 
13 
3 
0 
12 
3 
Tullbergia krausbaueri Borner 
Isotoma olivacea Tullberg 
Isotoma notabilis Schäffer 
hotomodes productm (Axelson) 
Rhodacarus roseus Oudemans 
Rhodacareilus si 
Rs 
0 
2 
1 
0 
3 
1 
0 
0 
0 
lesiacus Willmann 
D 
0 
22 
5 
0 
14 
4 
0 
19 
6 
A 
0 
13 
5 
0 
23 
6 
0 
3 
1* 
D 
A 
P 
Al 
Pe 
P 
0 
3 
1 
0 
1 
<1 
0 
2 
<1 
= 
= 
= 
= 
= 
Al 
0 
3 
1 
0 
1 
<1 
0 
0 
0 
Pe 
0 
7 
3 
1 
13 
6 
0 
10 
3 
Other 
Meso-
stig-
Sar-
copti-
mata formes 
0 
20 
6 
1 
11 
4 
0 
3 
2 
Dendrolaelaps sp 
0 
7 
3 
1 
14 
5 
0 
7 
4 
>. 
Arctoseius cetratus (Sell 
Platyseius sp. 
Prö-
stig-
mata 
0 
11 
2 -
0 
7 
2 
0 
13 
4 
Inick) 
Alliphis siculus (Oudemans) 
Pergamasus sp. 
Tarso-
Róriini 
0 
12 
3 
0 
69 
11 
1 
35 
11 
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The numbers of the most important species 
are given in Table 3. 
The species included in the groups 'other 
Collembola' and 'other Mesostigmata' were 
all determined separately but added together 
because of their low numbers or unimportance. 
DISCUSSION 
Table 1 shows that there was remarkable 
relation between the number of individuals 
of the clover cyst nematode and the growth of 
clover. Outside the patches their number was 
generally low. In the clover rings the population 
increased noticeably but was still rather low, 
whereas in the centres of the patches it reached 
high levels without exception. 
In a previous paper (2) a pot experiment 
was described in which damage by the clover 
cyst nematode was found at a population 
density of 1000-3000 larvae per 100 cm3 of 
fresh soil, which corresponds with 770-2310 
larvae per 100 g of soil if the specific gravity 
of the soil is taken as 1-3. As it is unlikely that 
at the moment of sampling the densities in the 
centre of the patches were just at their height, 
and as the critical value for damage in the field, 
may lie at a lower level than in pots, because 
of the generally less favourable growing 
conditions, it is obvious that the numbers of 
cyst nematodes in the centres were high enough 
to be detrimental to clover. It is noteworthy 
that this holds in both the localities sampled. 
The number of free-living larvae of the clover 
cyst nematode (column HI in Table 2) was also 
much lower outside the clover patches, but no 
difference was found between the clover rings 
and the centres of the patches. 
As to the other organisms investigated, it 
appears from Tables 2 and 3 that the numbers 
of free-living nematodes, springtails and mites 
varied greatly from patch to patch (expressed 
by the differences between the minimum and 
maximum values), but that there was no 
significant difference in numbers of these 
organisms between the centres, the clover 
rings and outside the patches. Though most of 
the free-living nematodes and springtails and 
some of the mites (Sarcoptiformes and 
Tarsonemini) may have behaved as plant 
parasites, it is very unlikely that in the present 
instance they were responsible for the 
disappearance of clover from the centres. 
The numbers of predacious mites {Mesostig-
mata) were determined because they might 
interfere with the plant parasitic organisms. 
The Mesostigmata Platyseius sp. and Alliphis 
siculus which live almost exclusively on 
nematodes were very low in number. It is not 
known whether they have a preference for 
certain species of nematodes. As the sapro-
phagous nematodes were most abundant it is 
likely that they were the main source of food 
for these mites. 
As no correlations were found between the 
numbers of different organisms per patch, nor 
between the outward appearance of the patches 
(size, clover remaining in the centre, colour of 
grass) and the number of any organism, only 
the minimum, maximum and average values 
for each organism are presented, see Tables 
2 and 3. 
As to the possible presence of other detri-
mental organisms, it has already been noted 
that no parasitic fungi could be isolated from 
the roots. 
Though non-parasitic factors cannot be 
excluded deductively as the cause of dis-
appearance of clover from the centres it is not 
likely that they are important in this case. 
When mineral deficiencies are involved, in 
most cases typical symptoms occur in the 
leaves. No such symptoms were observed, 
however. By growing clover the amount of N 
available for grass will generally increase, and 
this may result in a lower clover content in 
the sward. In our case grass growth in the 
centres of the patches was little or no better 
than outside the patches, indicating that the 
N effect was small and insufficient to explain 
the almost complete disappearance of clover 
from the centres. Excretion by the grass roots 
of exudates disadvantageous to clover, as 
supposed by Kooistra (4), cannot explain the 
difference in clover growth on the rings and in 
the centres, because in that case poor growth 
of clover on the rings also might be expected. 
An excretion of toxic substances from the clover 
roots themselves under field conditions, result-
ing in disappearance of the clover, has never 
been proved, as far as we know. In pot 
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experiments (2) poor growth of clover could 
be prevented by nematocides of quite different 
structures, not all of which are likely to have a 
similar destructive effect on toxic exudates 
possibly excreted. 
Summing up, we may conclude that attack by 
the clover cyst nematode is the only plausible 
explanation for the disappearance of clover in 
this investigation. This does not necessarily 
mean, however, that this damage may not be 
increased by the cumulative effect of other 
detrimental factors. 
From the fact that the phenomenon 
described was observed in 2 different lawns 
some 750 m apart, it appears that it is not 
restricted to a single case but may occur more 
or less frequently. It is very likely that it also 
occurs in normal pastures. The clear pattern 
of a well-growing clover ring with a centre of 
dead or poorly-growing clover may not occur 
generally in pastures, as regular growth is 
disturbed by irregular grazing and droppings 
of dung and urine. Moreover white clover is 
common in pastures, so that individual plants 
cannot expand for long without meeting other 
clover plants or places where clover has 
grown before. It is to be expected therefore 
that, in pastures where the clover is irregularly 
distributed over the field, an attack by the clover 
cyst nematode may manifest itself by a 
shifting of the clover sites in the field. Where 
the clover is regularly distributed over the whole 
field (e.g. shortly after sowing) the attack may 
manifest itself by a local disappearance of the 
clover or by a general decrease. 
An important consequence of the foregoing 
is that the determination of the number of cyst 
nematodes is greatly influenced by the method 
of sampling. As can be seen from Table 1, the 
numbers of cyst nematodes vary greatly within 
very short distances, depending on previous 
clover growth. If the samples had been taken at 
random over the whole lawn, rather small 
numbers of nematodes would have been 
found, far below the critical level for damage. 
The same may hold for sampling of pastures, 
especially when the clover is irregularly dis-
tributed over the field. It is obvious that, in 
such cases, sampling at random may give 
no real information on the clover cyst nematode 
population. For this reason it is preferable to 
take the samples from carefully chosen spots; 
but in pastures it is often difficult to tell whether 
at a certain place clover is increasing or de-
creasing. Only where a general decrease of 
regularly distributed clover occurs, may 
sampling at random give a real picture of the 
level of clover cyst nematodes. Sampling 
should not exceed the depth of the root 
formation of clover. 
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